NASA TECHNICAL
MEMORANDUM

\ June 8, 1967

N

NASA TM X- 53616

NASA TM X-53616

NATURAL ENVIRONMENT DESIGN CRITERIA GUIDELINES
FOR MSFC VOYAGER SPACECRAFT FOR
MARS 1973 MISSION

Edited by Don K. Weidner and C. L. Hasseltine
Aero-Astrodynamics Laboratory

;_N67-32399
P /00 Z

(NASA CR OR TMX OR AD NUMBER) (CATEGORY)

NASA

George C. Marshall
Space Flight Center,

Huntsville, Alabama




NATURAL ENVIRONMENT DESIGN CRITERIA GUIDELINES

FOR MSFC VOYAGER SPACECRAFT FOR MARS 1973 MISSION

Edited by
Don K. Weidner and C. L. Hasseltine
George C. Marshall Space Flight Center

Huntsville, Alabama
ABSTRACT

This document contains the natural environment information
that is essential to the design of the Voyager spacecraft for the 1973
Mars mission. This information is based upon the results of inhouse
studies and data taken from existing literature. As it would be
impractical to make specific references to the literature utilized in
the development of this report, only a bibliography of the reports
used is given. The references contained in the documents listed
in this bibliography were also used.

Since much of this information is in a state of flux because
of the rapid advancement of the state-of-the-art, a continuing effort
will be made to update and refine these specifications as later data
become available. For more information relating to a specific
environmental parameter, the reader should contact the Space
Environment Branch of the Aerospace Environment Division,
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SECTION I

EARTH'S ENVIRONMENT

1.1 ATMOSPHERE

The Earth atmosphere described by the Patrick Reference At-
mosphere will be used as reference for all studies and analyses re-
quiring atmospheric data below approximately 116 kilometers above
the Earth's surface. Between approximately 116 kilometers and
1,000 kilometers above the Earth's surface, Jacchia's 1964 static
diffusion model will be used to define required parameters, Between
1,000 kilometers and the magnetopause, the kinetic temperature will
remain constant at the value attained at 1,000 kilometers; pressure
will be assumed to be 1010 dynes/crn‘2 and the variation in pressure
is considered negligible., The density, which decreases from the
value at 1,000 kilometers, will be computed from the following

equation:
p Yexp [b (z -1000)], 2z > 1000

Pz = o, " (o 1000~
p, = density at an altitude of z kilometers
. . . -23 3
p_ = limiting value of density at large altitudes = 10 gm/cm’,
the density of interplanetary space
d log P
b = a constant defined as b = (1n 10) 4z at 1000 km and

computed from tabular values of log, G P

z = altitude in kilometers

W



The static diffusion model atmosphere requires the following solar
activity dependent geophysical inputs:
e Either predicted or actual daily and 81 -day mean values
of the 10.7 centimeter (2800 MC/S) solar radio flux as re-
corded at Ottawa, Canada,
° Either a predicted or actual value of the three-hour

equivalent planetary amplitude, a ,for the period 8 hours

p
prior to the time at which a density value is to be computed.
Location; day, month, and year; and altitude in kilometers are
also required input data; however, if the program is used as a subroutine
of an orbital decay program,these data can be provided by the main pro-
gram,
Predicted or actual values of the geophysical data required
for input will be provided by the Space Environment Branch, Aerospace
Environment Division, Aero-Astrodynamics Laboratory upon request.
Beyond approximately 500 kilometers above the Earth's sur-
face, the magnitude of the effect of solar radiation pressure forces on
the vehicle is comparable to the magnitude of density-induced drag

effects; however, in general, the two effects do not act in the same

direction, The solar radiation pressure ranges in value from 4.5 x

-5 2 -5 2
10 'dynes/cm  for a black body to as high as 9 x 10 dynes/cm for a

perfectiy reflecting body,




1.2 IONOSPHERE

The expression ionosphere refers to that part of the Earth's
atmosphere that contains ions and free electrons in sufficient quantities
to affect the propagation of radio waves, In general, during the day,
electron density is a minimum in the polar regions, increases to a
maximum about 15 degrees from the geomagnetic equator, and decreases
to a secondary minimum at the geomagnetic equator., The ionosphere
has a layered structure with distinct maxima of electron densities

occurring in layers, the best known being called the D, E, F |, and F,

layers which are described as follows:

Table 1-1. IONOSPHERIC ELECTRON DENSITY
REGION CONCENTRATION ALTITUDE
Minimum Maximum Minimum | Maximum
D lO/crn3 104 /crn3 90 km
E 10%/cm? NEE 10° /em>| 90 km  |160 km
F, (daytime)| 1x 10° /cm 4x107/cm”|160 km [200 km
¥,y 2x10" /cm 3x10°/em™|160 km 350 km

The D layer has a maximum at about solar noon and a

variation with solar activity of about 2 orders of magnitude, The E
layer has a large diurnal variation ( 2 orders of magnitude) and nearly

disappears at night. Consequently, attenuation by the E layer on
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communication signals is much less at night than during the day. E
layer electron concentrations are roughly twice as large in summer as
in winter, The F] layer has a large diurnal variation; it is absent at
night and weakest in the winter and near the maximum of the sunspot
cycle. The height of maximum electron concentrations changes with the
latitude and the time of day for the F, layer. It also his a gene ral
trend that is high for high solar activity, The electron concentrations
beyond the ionosphere are given in Figure 1-1.

Propagation of radio waves is a function of electron density,
The value of the refractive index in turn is determined by the electron

density, The value of the refractive index is determined by

" 2
/ 4t N e
e e

u :/1-
X € m wz
(0] e

and u = refractive index
Ne = electron density
e, = electron charge (coulombs)
m, = electron mass (kg)

w = angular frequency of the wave (radians/sec)
€ = permittivity of free space (assuming the effects of

ions are negligible),
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If uz is negative, radio waves of frequencies corresponding to w or
lower will be reflected. The frequency that will just penetrate the F,

layer (i.e., the layer having the highest electron density) is called

the critical frequency, f.. This gives

N 2
e
¢ - | e  _g9x107° N_ mc/sec,

'neorne

where Ne is in electrons/cm3.
For satellite communications a frequency higher than f. must be
selected, and for the best signal strength possible, frequencies con-
siderably higher than f. (max) should be chosen. However, some in-
vestigations ha:/e indicated that the ionosphere may have resonance
modes which could interfere significantly with even much higher fre-
quency telemetry signals,

The ionospheric (thermal) energy spectrum is given in
Figure 1-2. The average electrical conductivity in the ionosphere,
based on measured data from satellites and probes, as a function of
altitude, is given in Figure 1-3.
1.3 MAGNETIC FIELD

The Earth is surrounded by a magnetic field, often called
the geomagnetic or terrestrial magnetic field, originating in its

interior. The axis of the hypothetical magnet does not coincide with
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IONOSPHERE THERMAL ENERGY SPECTRUM. {Measured electron
temperature (Te), measured N2 temperature (TN2), and neutral
temperature (Tg). Computed from the Harris and Priester model.
Wallops Island, April 18, 1963, 1604 e.s.t., X = 60°, undisturbed
conditions; 10.7 cm solar radiation flux = 100 x 10-22 W/M2-CPS. )
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the north-south poles, and is displaced from the center by a distance
of about 400 kilometers, Consequently, the geomagnetic field is not
exactly symmetrical to the Earth's surface. The magnetic poies on
the surface are the locations that, for all practical purposes, have
the lines of force perpendicular to the surface.

The geomagnetic axis is a line joining the two magnetic
poles. At the magnetic equator the lines of force are parallel every-
where to the Earth's surface; i,e,, horizontal, From about 170°W,
eastward to about 30°E, the geomagnetic equator is south, but at other
longitudes it is north of the geographic equator,

The total strength of the Earth's magnetic field varies
over the surface of the Earth, being 0. 65 to 0. 70 gauss near the
magnetic poles and weakest toward the equatorial region where its
value is 0. 30 to 0. 35 gauss, Its variation with latitude is by no
means uniform, an exceptionally low value of 0.25 gauss having been
recorded in southeast Brazil.

At some distance from the Earth, the intensity variation
may be taken to be inversely proportional to the cube of the distance
from the center of the dipole. The average total magnetic field is

given in Table 1-2,
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Table 1-2. AVERAGE TOTAL MAGNETIC FIELD IN GAUSS

Altitude Geodetic Colatitude in Degrees
(km) 0 30 60 80
200 . 52243 . 50782 .40338 .31406
400 . 48121 . 46403 . 36670 . 28630
1000 . 37978 . 35841 .28088 .21778
2000 .26428 . 24682 . 18904 . 14629
3000 . 19052 .17608 . 13343 .10330
4000 .14158 .12988 .09773 . 07571
6371.2 . 07693 . 07001 . 05217 . 04044

From measurements of the strength of the geomagnetic
field, it is clear that the field is not a steady one but rather one with
secular and transient variations. Secular variations require many
years for the net effect to become significant, The transient variations,
however, occur within days or less and are due to external factors,
some of which are of solar origin,

The sun's emission of a solar plasma (i.e., the solar
wind) influences the Earth's magnetic field. When the solar plasma
enters the Earth's magnetic field, the interaction produces a sheath
of current in the plasma which opposes, by Len=z's Law, the Earth's

field.




The Earth's field is compressed until its magnetic pressure (i.e.,
its magnetic energy density) just balances the kinetic pressure of
the solar plasma, This balance is reached at about 10 Earth radii,
and therefore the Earth's magnetic field is to be limited to such a
finite distance in a direction toward the sun, In directions that
make an appreciable angle with the sun, the influence of the Earth's
magnetic field will be extended considerably farther. Models for
the magnetic field of the Earth, applicable to less than 10 Earth
radii, are as given below:

The main geomagnetic field, out to six or seven Earth

radii, can be derived from the magnetic potential formula

Hes1 3

2 1P o
0(;) m + n (cos Q) (gn cos mi+

m
h_ sinma2a)
n
by the straightforward evaluation of
F=-wv,
where a = mean radius of Earth; r = radial distance from Earth's
center; 0 = colatitude; A= longitude East; V = magnetic

m ,
potential; and P (cos @) = legendre functions.
n

Values of the coefficients g;n and h;n are given in Table 1-3,
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1.4 RADIATION

1.4.1 Thermal Radiation

The solar spectrum at 1 AU is given in Figure 1-4. The
"Johnson Curve!'' is tabulated for easy reference in Table 1-4., The
2
value of the solar constant at 1 AU is 1400 watts/m

1.4,2 Magnetically Trapped Radiation

The detailed data provided in NASA SP-3024 will be used,
with the caution that these data are time-averaged and, particularly
in the case of outer zone electrons, do not represent the maximum
hazard model.
1.4.2.1 Protons. Geomagnetically trapped proton environment
may be shown by Figures 1-5, -6, -7, -8, and -9, where R = geo-
centric radius of particle flux and A= geomagnetic latitude.
1.4.2.2 Electrons. Geomagnetically trapped electron fluxes with
energies greater than 500 KeV are depicted in Figure 1-10. The
energy spectrum is shown in Figure 1-11.

1.4.3 Galactic Cosmic Radiation

e Composition: =~ 85% protons (H+)
~ 14% alpha particles (He

~ 1% nuclei of elements Li + Fe
(in approximately cosmic abundance)

o

. 2
e Flux at sunspotmaximum: =~4 protons/cm~ - sec
(isotropic)
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Table 1-4. SOLAR-SPECTRAL-IRRADIANCE DATA-0.22TO 7.0 MICRONS

A H, P, A H, P, A H, P, A H, P,
(x) (w/em™) (%) | (#) (w/em™) (%) | (%) (w/em®™) (%) |(m) (w/em®) (%)
0.22 0.0062 0.06|0.395 0.120 8.60(0.57 0.187 33.2 |1.9 0.01274 93.02
0.225 0.0070 0.08/0.40 0.154 9.08/0.575 0.187 33.9 |2.0 0.01079 93.87
0.23 0.0072 0.11]0.405 0.188 9.70]0.58 0.187 34.5 {2.1 0.00917 94.58
0.235 0.0064 0.14[0.41 0.194 10.3 | 0.585 0.185 35.2 {2.2 0.00785 95.20
0.24 0.0068 0.16]0.416 0.192 11.0 |0.59 0.184 35.9 |2.3 0.00676 95.71
0.245 0.0078 0.18]10.42 0.192 11.7 }0.595 0.183 36.5 [2.4 0.00585 96.18
0.25 0.0076 0.21]0.425 0.189 12.4 |0.60 0.181 37.2 |2.5 0.00509. 96.57
0.255 0.0112 0.25}0.43 0.178 13.0 [0.61 0.177 38.4 |2.6 0.00445 96.90
0.26 0.014 0.29/0.435 0.182 13.7 [0.62 0.174 39.7 |2.7 0.00390 97.21
0.265 0.020 0.35/0.44 0.203 14.4 | 0.63 0.170 40.9 2.8 0.00343 97.47
0.27 0.025 0.42|0.445 0.215 15.1 | 0.64 0.166 42.1 |2.9 0.00303 97.72
0.275 0.022 0.51]/0.45 0.220 15.9 | 0.65 0.162 43.3 |3.0 0.00268 97.90
0.28 0.024 0.59]|0.455 0.219 16.7 [ 0.66 0.159 44.5 |3.t 0.00230 98.08
0.285 0.034 0.70]0.46 0.216 17.5}{0.67 0.155 45.6 {3.2 0.00214 98.24
0.29 0.052 0.85]0.465 0.215 18.2 1 0.68 0.151 46.7 {3.3 0.00191 98.39
0.295 0.063 1.06/0.47 0.217 19.0 { 0.69 0.148 47.8 |3.4 0.00171 98.52
0.30 0.061 1.30{0.475 0.220 19.8 10.70 0.144 48.8 3.5 0.00153 98.63
10.305 0.067 1.5010.48 0.216 20.6 | 0.71 0.141 49.8 |3.6 0.00139 98.74
031 0.076 1.66]0.485 0.203 21.3 |0.72 0.137 50.8 |3.7 0.00125 98.83
0.315 0.082 2.03}/0.49 0.199 22.0 |0.73 0.134 51.8 |3.8 0.00114 98.91
0.32 0.085 ,2.32}0.495 0.204 22.8 | 0.74 0.130 52.7 {3.9 0.00103 98.99
0.325 0.102 2.66{0.50 0.198 23.5 |0.7S 0.127 53.7 }4.0 0.00095 99.05
0.33 0.115 3.08]0.505 0.197 24.2 [ 0.80 0.1127 57.9 (4.1 0.00087 99.13
0.335 0.111 3.46/0.51 0.196 24.9 [ 0.85 0.1003 61.7 |4.2 0.00080 99.18
0.34 0.111 3.86]0.515 0.189 25.6 | 0.90 0.895 65.1 [4.3 0.00073 99.23
0.345 0.117 4.2710.52 0.187 26.3 | 0.95 0.0803 68.1 |4.4 0.00067 99.29
0.35 0.118 4.69[0.525 0.192 26.9 | 1.0 0.0725 70.9 |4.5 0.00061 99.33
0.35§ 0.116 5.10/0.53 0.195 27.6 { 1.1 0.0606 75.7 |4.6 0.00056 99.38
0.36 0.116 5.53|0.535 0.197 28.3 | 1.2 0.0501 79.6 [4.7 0.00051 99.41
0.365 0.129 5.95/0.54 0.198 29.0 | 1.3  0.0406 82.9 [4.8 0.00048 99.45
0.37 0.133 6.4210.545 0.198 29.8 | 1.4 0.0328 85.5 [4.9 0.00044 99.48
0.375 0.132 6.90(0.55 0.195 30.5}1.5 0.0267 87.6 |5.0 0.00042 99.51
0.38 0.123 7.35]0.555 0.192 31.2}11.6 0.0220 89.4 {6.0 0.00021 99.74
0.385 0.115 7.78]0.56 0.190 31.8 1.7 0.018 90.83/7.0 0.00012 99.86
0.39 0.112 8.19]/0.565 0.189 32.5]| 1.8 0.0152 92.03
A =

= WAVELENGTH IN MICRONS,u (10~ r&)
THERMAL RADIATION IN WATTS/CM% u
PERCENT OF THERMAL SOLAR CONSTANT

WITH WAVELENGTHS LESS THAN A

o o
> >
o

1-15




(*APN ¥°0 3a0qe Aowmuuﬁo\meaou& XN [euoljd’TIplutle
oy} 21® $1M0JU0d BYL) SAV WO VN XNTJI Y-¥ FHIL "§-1°m31g

\//

0°¢

@A

PR

T ] T
o1
O.H X (o]
/ / ¢ ¢ o0€
Lo xe LT oS
. 409
SO X § L01 X
. o1

N L
/oS r4
01
90T \ €
: X
/ mo,H S
0T X ¢ 40T

IIaVY HLIVE

—~ 0°1

/l\
: ——— 7 e

moa

0°¢

1-16




o)
~ o~




("APIN 61 @2a0qe Auomum

wo /suojord) xny [EUOTIOIIIPIUWO Y} SIE

sinojuos 94L) €961 NAGNTLAAS ‘2dV HOd IVN XNTd (-8 THL ~L-T 20313
IIavd HI¥VE
0% 9°€ Al 8°Z 4T 0°2 8°1 Al 80 %°0

—

0T~

| _

—rr

0s

01XT1

Noaxm

70TXS

cOT*T

mc?&

1-18




, (" AP $¢ @a0qe
Auwmumau\chuon&v XN7§ [eUO1}O3I1plutio 3Y} 3I€ SINOJUOD °?4yr,)
€961 ‘7 YTIWILAES AYOITED 1dV YOI VN XNTd y-¥ THL 8-T1 21813

1-19

9°€ 0°€ 42 81 1 9°0 0
\\\“ — .
pars “ ~. ] 0\0(0
\\\\ \“ H -
y.7 \\\\\ 9%
/ A N
A / AA L L L Y/ 4
YA T A 0z
VI YT/ £/
| [l Y ' iDa
1
% 1Y moa M (4
xg |
A\ mo? \ v
/ ,/ /_ ’OA.. °
\ N L Ny0L X 1 %
A N m*mnﬁxlvUVmS %o DV )\
N N /I /M,QN * ._' / / N
/M// & N
- ~—1 0] X ¢ ST x 1 b
Sl E L -~
ot —




(" APW 0g @2a0qe Aowmnm

wo /suojoxd) Xnyj TeuUOl}d3I1pIULIO 33

o1® sanojuod oYl) €961 YHIWNALIIAS ‘¢dV YOI AVIN XQN'T4 ¥-¥ dHL

"6- 1 210811

SR

9°¢

e

I1avd HIYvi

1-20




Figure 1-10. THE R-A FLUX MAP OF THE AE2
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OMNIDIRECTIONAL FLUX (electrons/cm2 sec)

>700

VAN

1.0 2.0 3.0 4.0 5.0 6.0

10

L(EARTH RADII)

Figure 1-11. ELECTRON OMNIDIRECTIONAL FLUX MAP AE2
(ELECTRONS/CMZ2 SEC) AT THE GEOMAGNETIC
EQUATOR

1-22




e Integrated yearly rate: ~1,3 x 108 protons/cm2

e Flux at sunspot minimum:~2, 0 + 0, 3 protons/cm2 - sec

(isotropic)

7
e Integrated yearly rate: =7 x10 pro1:ons/(:m2

3

e Energy range: 40 MeV to 10l MeV; predominant

3 7
energy 10 -10 MeV

The variation in flux is given in Figure 1-12,

1.4, 4 Solar Flares

The probability of the occurrence of various fluxes of
particles with energies exceeding 30 MeV is given in Figure 1-13 as
a function of mission length,

Solar flares have a composition consisting predominantly
of protons, Occasionally the proton-to-alpha-particle ratio may be
as low as one, but more likely the ratio will be on the order of 10.

The monthly particle integrated flux is given in Figure
1-14 for solar cycle 19, The dashed curve represents the 10.7 cm
solar flux,

The minimum momentum required by a particle to pene-
trate the geomagnetic field to the Earth's surface is given in Figure

1-15 as a function of geomagnetic latitude,
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MONTHLY PARTICLE FLUX

2
20,000 X 105 particles/cm - month 32:100 [
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Figure 1-14, FLUX OF PARTICLES WITH ENERGIES EQUAL TO OR GREATER
THAN 30 MeV FROM SOLAR FLARES DURING THE LAST SOLAR
CYCLE (These are shown as total flux per month of particles with
energies equal to or exceeding 30 MeV. The dashed line is the
monthly mean value of the solar flux at 2800 Mc/s.)
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1.5 GRAVITY

The gravitational potential function is as follows:

-

G J R 2 2
@(R,¢):_I\;I{_E_ 1+ __Z_E? (1 - 3 sin” ¢)
2R
J.R.> ;R
.2
+—3—-§— (3 - 5 sin’y ) sin 6- —= = (3 - 30 sin” ¢+
2R 8R4
2
4 322RE 2
35 sin® ¢) *+ > cos $ cos2 (n - X..)
R 22
where
R = radius
¢ = latitude
-6
J, =1082,30 (+0.2)x 10
-6
J; =-2.3(+0.1)x10
-6
Jg =-1.8(+.2)x10

-6
Jyp = 1.9x10

Xpp = 21o longitude
A = longitude.
1.6 ME TEOROIDS
The mass and dimensions of a meteoroid cannot be

measured directly because the material is dispersed as it passes




through the atmosphere, These properties must therefore be in-
ferred from the observed luminosity and velocity of the meteor,
The brightness of the trail is related to the kinetic energy of the
meteoroid. Estimates of the density of meteoroids indicate that
for the majority the values lie between 0, 01 and 0, 7 gm/cm3 .
Some authorities have adopted a density of 0, 44 gm/cm3 for calcu-
lational purposes,

Meteoroid models have been formulated which present
the variation of incident flux (F >) and puncture flux (p) for aster-
oidal and cometary particles as a function of heliocentric distance

(R). These relationships are as follows:

o Asteroidal Particles

log F>=-15,93 - logm + 13,15 log R
log p = -(54/19) (k¢ + log p) - 15.17 + 12.20 log R

o Cometary Particles

log F» = -14.20 -1, 386 (log m) - 0. 0331 (log m)°
+0.00051 (log m)° -(3/2) log R
log § = -13.03 - 3.81 (ky+ log p) - 0.384 (ky+
log p)° - 0. 017 (k¢+ log p)° - (93/38)log R
The symbols in the preceding equations are defined as:
F . = mean cumulative influx of meteoroids with

mass greater than m, in grams.
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¢ = mean puncture flux for hemispherical exposure
without shielding

m = mass of a meteoroid or projectile in grams

R = distance from the sun in astronomical units

target material parameter

IS

thickness of puncturable target sheet in

o
N

centimeters

Hence, the incident flux (F >) of the asteroidal particles

is proportional to Rl3' 15; and the puncture flux (p) is proportional
to RlZ. 20.

A listing of major meteor streams is provided in Table
1-5,
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SECTION II
INTERPLANETARY ENVIRONMENT

BETWEEN EARTH AND MARS

2.1 ATMOSPHERE

2,1,1 Kinetic Gas Temperature

. . . . 50
The kinetic gas temperature is approximately 2 x 10 K
at the Earth's mean orbital distance and approximately 1.9 x 105 °k

at the Martian mean orbital distance (1.52 A, U, ).

2.1.2 Gas Pressure

Gas pressure between the orbits of the Earth and Mars
varies with solar activity, During quiet solar conditions it is approxi-
mately lO_lody'nes/cm2
2.1.3 Density

Density, like pressure,also varies with solar activity.
The gas density of interplanetary matter is approximately 10'23gm/
Cm3. The electron density decreases with an increase in
distance from the solar surface, Figure 2-1 shows the electron
density versus the distance above the solar limb in the equatorial
plane at about the time of sunspot minimum. The composition of the
interplanetary atmosphere is primarily hydrogen, protons, helium

and alpha particles.
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Figure 2-1. ELECTRON DENSITY AS A FUNCTION OF
DISTANCE ABOVE THE SOLAR LIMB IN
THE EQUATORIAL PLANE AT ABOUT THE
TIME OF SUNSPOT MINIMUM




2,2 SOLAR THERMAL RADIATION

Using the solar constant at 1, 0 A, U, as 1400 wa.tts/m2

and incorporating the inverse square law of radiation, the radiation

in space at a distance R, measured in AU's, will be 1400 (l/R)2

Wat:ts/m2

Table 2-1 shows the variation of solar constant with

solar distance,

Table 2-1 VARIATION OF SOLAR CONSTANT
WITH SOLAR DISTANCE

s

Solar Distance | Solar Constant [Solar Distance |Solar Constant
(A.U.) (watts/m?) (A.U.) (watts/m® )
0.5 5600 1,2 972
0.6 3889 1.3 828
0.7 2857 1.4 714
0.8 2187 1.5 622
0.9 1728 1.6 547
1.0 1400 1.7 484
1.1 1157 1.75 457

2
° Brightness of the sun: 200, 000 candles/cm

° Solar illumination: 13,4 R

or

lumens/cm

1,34 x 105R -2 lumens/m2

2-3

where R = distance from sun (A, U, ).




2-3 MAGNETIC FIELD

The principal magnetic field in space from 1,0 to 1.5
A, U, solar distance is that of the sun as carried by the solar
plasmas, The strength of the solar interplanetary magnetic field
at 1.0 A, U, is about 5 gammas, The strength of the field depends
upon solar activity, with maximum field strength at maximum solar
activity, Fluctuations of one or two orders of magnitude may occur
depending upon solar activity,

Near the orbit of Mars the average interplanetary
magnetic field could be less than that at 1.0 A, U, or less than
5 gammas,

The interplanetary field appears to be directed along the
classical Archimedean spiral from the sun as described by Parker,
but the remote possibility of a distorted solar dipole field should
not be excluded,

2.4 GALACTIC COSMIC RADIATION
) Composition: ~85% proton (H+)
~14% alpha particles (He++)
~ 1% nuclei of elements Li + Fe
(in approximate cosmic abundance)

° Flux at sunspot maximum: ~ 4 pro‘cons/cm2 - sec
(isotropic)




° Integrated yearly rate: ~ 1,3 x lO8 prot:ons/cm2

° Flux at sunspot minimum: ~ 2,0 + 0.3 protons/cm2

sec (isotropic)

) Integrated yearly rate: ~ 7 x lO7 protons/cm2

e Energy range: 40 MeV to 1013 MeV; predominant

energy lO3 - 107 MeV
2,5 SOLAR COSMIC RADIATION
2.5.1 Solar High Energy Particle Radiation

° Composition; Predominantly of protons (H+) and

alpha particles (He't)

] Integrated yearly flux at 1 A, U, :

Q

Energy >30 MeV, J

[
133

Energy > 100 MeV, J

The accurate description

6x107 protons/cmz near

solar maximum

1 x lO9 protons/cmz near

solar minimum

1 x107 pro’cons/cm2 near

i

solar maximum

LX}

8
1 x10 protons/cm near
solar minimum

of this radiation at space dis-

tance other than 1 A, U, has not been established, but the inverse

- 2-5




square law can be used for rough estimations.

2.5.2 Solar Flares

A solar flare is a bright eruption from the sun's chromo-
sphere associated with the release of large amounts of energy. The
larger flares eject charged particles into the interplanetary medium,
Those particles captured by the Earth produce a polar cap absorption
event, In some cases a flare produces particles with energy of 1 to 50
GeV which produce ground level events on the Earth,

There is an apparent higher probability that solar proton
events, recorded at the Earth, will occur near the equinoxes (the times
when the sun crosses the Earth's equator) than during the months of
June or December.

During a period of high solar activity, the probability, p,
of encountering a flare with total integrated flux, N, with energies
greater than 30 MeV in one day is given in Figure 2-2, where ng is
the number of occurrences of flares whose individual total integrated
flux exceeded the largest recorded flare, and B, is the time frame

over which the flares were recorded,

2.5.2.1 Model Time Integrated Spectral Distribution,

N(>P) = N, exp(-P/P_),




FLUX, N (particles/cmz)

|

CETR T ]
= 1
- b1 - 1 (nt - nf/'Z)
L 2e £
108 — \\
n n,
L
f— p = n
| t
107
10° ! L 1 L ] —
0 .002 004 .006 .008 .010 .012
PROBABILITY, p
Figure 2-2. THE PROBABILITY, p, OF THE OCCURRENCE OF A FLARE

WHOSE FLUX IS EQUAL TO OR GREATER THAN N, AND
WHOSE INDIVIDUAL PARTICLE ENERGIES ARE EQUAL TO
OR GREATER THAN 30 MeV

2-7




where

Z
I

o
I

d
0

protons/cmz having rigidity greater than P

rigidity, or momentum per unit charge, in volts

o = 97 MeV, a value typical for large events

Z
I

total intensity of event (particles/cmz)

1/2
| 2 2
P-—|IT +2TmoC
eZ

where

e”Z

H
1

5

nuclear charge

proton energy (MeV)

proton rest energy = 938.2 MeV for protons

3727.1 MeV for alpha

particles

Po is evaluated for energies T > 10 MeV, DBelow 10 MeV,

-n

the spectrum may be described by the expression: N( > T) =N_T ,

with n approximately equal to 1, 2,

2.5.2,2 Solar Particle Events Near the Earth, The integral

spectrum near the Earth is given by

-P/P
N(> P) :Noe P ; P,
-P./P
N(> P) =N e €T, P P,
Pc = cut-off rigidity,




(For all rigidities below P, the intensity is zero,) The
cut-off rigidity is given by

9 3 3 1/2
2,5x10 2+cos )\ -2(l +cosy )

c 2 2
r CcCOs )

o
n

r = geocentric radius (km)
A = geomagnetic latitude,

For the probability (p) of encountering more than N
protons/cm2 with rigidity (P) greater than 0, 235 Bv for various
mission lengths, refer to Table 2-2, Although the rate of change of
the number of protons/cm2 with solar distance is unknown, the
tabulated values given for 0.5 to 1,75 A, U, may be used as a guide-
line,

2,5.3 Solar Wind

The solar wind is an outward flux of material from the
corona of the sun,

° Mean density: 0.5 A,U, = 20 protons/cc

1.0A,U, = 5 protons/cc

1.75A,U,~ 2 protons/cc

R’

™ Mean flux: 0.5A.,U, 8 x 108 protons/cmZ /sec

14

8 2
1.0A,U, 2x10 protons/cm /sec

8 2
1.75A,.U0,~10 protrons/cm /sec

2-9




e Mean velocity of solar wind from 0.5 A, U, to1.75

A, U, =450-500 km/sec,

Table 2-2. PROBABILITY OF PARTICLE ENCOUNTER VS
MISSION LENGTH
Mission Probability, p
length, 0.50 | o.10 | o.01 | o.o0l
weeks N, protons/cm2 -
2 - 5.0x107 |z, 0x10% [ 1.7 x10'°
4 - 2.0x108 [ 4.5x107 |3.3x10!0
8 1-3x107 7.2x108 9.0x109 5.6xlo10
12 45x107 [1.3x10%]1.5x10'% 8.0x10%°
20 1.5x108 |2.4x10% |2.2x10'9 1.1 x 10}
30 3.0x10% [3.9x10% [3.0x10'9 1.4 x 10%?
40 5.0x10% [5.0x10%|3.3x10'9 1.5x10%!
50 7.0x108 |5.9%x10% | 3.5x10'% 1.6 x 10!}
60 1.ox10? |6.2x10%[3.7x10%9 1.6 x 10"}
80 1ex10? |7.2x10% [3.9x10'9 1.7 x 10!
100 2.0x109 |s.0x10% | 4.0x10'9 1.7 x10%!
2.6 SOLAR RADIATION PRESSURE

° Pressure at 1,0 A, U,: For 100 percent reflecting

-5 2
body = 9x 10 dyne/cm

For black body = 4.5 x 1073

dyne/ cm2




Radiation pressure variation with solar distance

follows the relation:

P =1/c for black body

P = 2I/c for 100 percent reflecting body
where

P = radiation pressure

I = intensity of radiation at specified solar distance
c = speed of light,
° Pressure at 1,52 A, U, : For 100 percent reflecting
-5 2
body =4 x 10 ~ dynes/cm
-5
For black body = 2,0x 10
2
dynes/cm
2.7 ME TE OROIDS
Table 1-5 in Section I presents the major meteor streams
for the interplanetary environment between Earth and Mars., The
cometary meteoroid flux model and the asteroidal meteroid flux
model as presented in Paragraph 1, 6 may be utilized for this

environment, using appropriate values for distance from the sun,

2-11




SECTION I1I
MARTIAN ENVIRONMENT

SURFACE TO 10 MARS RADII

3.1 CLIMATE

3,1,1 Surface Temperatures

Seasonal isotherm maps of the Martian daytime ground -
surface temperatures are presented in Figures 3-1, -2 and -3,
Seasonal differences noted in these maps are due primarily to the
eccentricity of the Mars orbit (Figure 3-4). Since the southern
summer solstige occurs near perigee and the northern summer
solstice occurs near apogee, the warm season in the southern
hemisphere is shorter and hotter than in the northern hemi-
sphere. The length of seasons and the heliocentric longitudes are
given in Table 3-1,

Table 3-1, LENGTH OF SEASONS FOR VARIOUS
HELIOCENTRIC LONGITUDES

HE LIOCENTRIC | NORTHERN SOUTHERN DURATION
LONGITUDE HEMISPHERE | HEMISPHERE |Earth Mars
Day Days

87-177 Spring Autumn 199 194

177267 Summer Winter 182 177

267-357 Autumn Spring 146 142

357-87 Winter Summer. 160 156
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The diurnal variations in the ground-surface temperature
and atmospheric temperature near the surface are given in Figure 3-5,
It is immediately obvious that the seasonal and diurnal variations in
the vertical temperature gradient are very large, as indicated in
Figure 3-6., The temperature of 260° K indicated in Figure 3-6 is
taken to represent the mean temperature. The tropopause altitude 'th"
is expected to vary from a few meters to 14 kmm, The principal point
of interest in this figure, however, is the extreme variation in the
vertical temperature gradients of the '"a' and "b'" profiles, It should
also be noted that the atmospheric temperature may be either warmer
or colder than the ground-surface temperature.

3.1.2 Observed Seasonal Changes

The variation of the polar caps is one of the most prominent
seasonal changes noted on Mars, The polar caps vary greatly in
size; the longer, colder winter in the southern hemisphere pro-
duces a polar cap ~70° in breadth while the shorter, warmer
winter in the northern hemisphere produces a cap ~53% in breadth,
approximately three quarters of the size of the southern cap. As a
cap recedes, a dark bluish band follows the edge of the retreating
polar cap border; the band around the southern cap is the most pro-
nounced, The light coming from these bands has been found to be

polarized indicating that it is being reflected from a smooth surface
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which, in turn, suggests the presence of water. The regularly ob-

served fluctuations of the polar caps with the Martian seasons infer

an atmospheric circulation system and the transport of atmospheric

moisture as the mechanism responsible for the deposition and re-

cession of the polar caps as a function of solar energy.

The principal characteristics of the other seasonal

changes can be summarized as follows:

Dark areas darken in the spring and summer and
become relatively light again in the autumn and winter,
Some light areas become dark in the spring and
summer and become light again in the autumn and
winter, An outstanding example is Pandorae Fretum.
Seasonal changes are first observed at the edge of
the polar caps during the spring of both hemispheres.
As the polar cap recedes, the darkening effect
spreads toward the equator and finally, during the
summer, crosses into the other hemisphere. It has
been calculated that this darkening effect in the
southern hemisphere spreads at an average rate of
28 miles per day., The rate of spreading is greater
in the southern hemisphere than in the northern

hemisphere,




3.2 ATMOSPHERE

3.2.1 Temperature

The temperature versus height profiles illustrated in
Figure 3.7 have been idealized to represent the minimum (profile D),
mean (profile E), and maximum (profile F) temperature profiles

expected to exist in the Mars atmosphere.

Geopotential Height (km)

A

..... pratite 7]
800 +—— — Profile E —fr

—~-— Profile F .
600 A ‘,,',/

A
400 —y
- .:7
200 ===t #
\\C:
0 ~ —
0 200 400 600 800 1000

Temperature (°K)

FIG. 3-7. IDEALIZED TEMPERATURE PROFILES

The lower portion of these profiles (0-300 km) are based
upon a very detailed analysis of the Mariner IV data as interpreted
by various investigators and theoretical heat-budget computations of
other investigators. In developing the 300 - 1,000 km extensions to
these profiles, consideration was given to the escape velocities of

the various constituents that are though to exist in the Martian upper

atmosphere.




3.2.2 Composition and Molecular Weight

The Mars atmosphere is thought to be primarily carbon
dioxide with the possibility of small amounts of nitrogen, argon; and
water vapor. It is also suspected that the upper atmosphere is under
constant bombardment by interplanetary space plasma causing the
constituents of the upper atmosphere to become mixed with hydrogen
and helium from outer space. This mixing of the Martian atm’osph'eric
constituents with interplanetary plasma could possibly occur as low
as 300 km altitude. A very extensive review of related literature and
a detailed analysis of the average and escape velocities of the constit-
uents in the Mars atmosphere have generated the three molecular
weight profiles illustrated in Figure 3-8. These profiles have been
idealized to represent the maximum (profile A), mean (profile B),
and minimum (profile C) molecular weight profiles and are based upon
lower atmosphere compositions of 100% CO,, 75% CO; plus 25% N3,

and 48.8% CO, plus 51. 2% N, respectively.
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FI6. 3-8. IDEALIZED MOLECULAR WEIGHT PROFILES

3.2.3 Surface Pressure

A detailed review of literature concerning Martian surface
pressure values that have been derived from observations of the photo-
graphic spectrum of Mars indicates the surface pressure may vary
from 4 to 15 + 5 mb. This range in pressure is further supported by
interpretations of Mariner IV data.

3244 Model Atmospheres

Under the assumptions of hydrostatic equilibrium and a
perfect gas law relationship among the thermodynamic quantities, a

model atmosphere may be generated from a given temperature profile,




molecular weight profile and surface pressure. Three such models
have been developed by this technique that define the mean atmosphere
and the 99% confidence envelope for Mars. These models were gene-
rated from the following criteria:

Mean Model

1. Temperature - Profile E (Fig. 3-7)
2. Molecular weight - Profile B (Fig. 3-8)
3. Surface pressure - 8.0 mb

99% Confidence Envelope

(Minimum model)
1. Temperature - Profile D (Fig. 3-7)
2. Molecular weight - Profile A (Fig. 3-8)
3. Surface Pressure - 4.0 mb

(Maximum model)
1. Temperature - Profile F (Fig. 3-7)
2. Molecular weight - Profile C (Fig. 3-8)
3. Surface pressure - 10.0 mb

3.2.5 Computed Quantities

The various computed quantities of the three model atmos-
pheres are tabulated in Table 3-2 and given as graphic illustrations in

Figures 3-9 through 3-20.
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3.2, 6 Martian Winds

Little is known concerning the instantaneous wind speed
on Mars, but the continuous surface and peak surface winds are
listed in Table 3-3. It is suspected, however, that the peak surface
wind speed on Mars may be as great as 143 m/sec.

362,77 Clouds in the Martian Atmosphere

A summary of the Martian clouds that have been observed

is given in Table 3-4.
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

KINETIC TEMPERATURE (°K)

GEOMETRIC
ALTITUDE
(km)

————————————
0.00
1.00
2,00
3,00
4.00
5,00
6.00
7.00
8.00
9.00

10.00
20.00
30.00
40,00
50,00
60.00
70400
80,00
90.00
100.00
110.00
120.00
130,00
140,00
150.00
160.00
170400
180,00
190.00
200.00
300,00
400,00
500.00
6030.00
700,00
800.00
§00.00
1000.00

MEAN MODEL

2.30000008+02
2,2550133e+02
2.21005320+02
2.16511970+02
24120212868+ 02
2.0753323e+02
2.03047840+02
1,9856510€0+02
1.9408501@+02
1.,8960755€+02
1.8513274@+02
1.76105880+02
1.67237528+02
1.5842100€8+02
1.,49655698+02
1.40941608+02
1.32277960+02
1.23664210+02
1,15100328+02
1,06585428+02
1.04000008+02
1.0400000@+02
1.0400000@+02
1.,0400000€8+02
1.04000008+02
1.15192210+02
1.5192010@+02
1.RB844167€+02
2.2162857@+02
2.52021630+02
4,53545088+02
5.,8998801e+02
6.8414188e+02
7.57656300+02
8,1095196@+02
B8.53155938+02
8.8539590€+02
9.13696620+02

99% CONFIDENCE ENVELOvc

MINIMUM MODEL

1.,75000008+02
1.7415025@+02
1.73301018+02
1.72452268+02
1.71604020+02
1.70756280+02
1.69909040+02
1,69062300+02
1,6821606@+02
1.67370328+02
1.6652507@+02
1.5810000€+02
1.,49724328+02
1.,41397610+402
1,33119268+02
1.,24889290+02
1.16706968+02
1.08571760+02
1.,004836484+02
9,24417908+01
9,00000008+01
9.0000000€+01
9.,0000000€+01
9.0000000€+01
9,00000008+01
9,0000000€+01
1,00547998+02
1.51774638+02
1,91628578+02
2.22021638+02
4,28545088+02
5.6498801@+02
6.5914188€+02
7.33613348+02
7.90951968+02
8.,3315593e+02
B,64316720+02
8,865224608+02

MAXIMUM MODEL

2.75000008+02
2.7090121€8+02
2.66804850+02
2,6271091€+02
2.5861939@+02
2.5453028+02
2.50443590+02
2.4635931@+02
2.422774584+02
2.38197998+02
2434120948402
1,93482348+02
1.84237520+02
1.75421000+02
1,66655698+02
1,57941600+02
1.492779608+02
1,40664210+402
1,32100328+02
1.23585428+02
1.21000008+02
1.21000008+02
1,21000000+02
1,21000008+02
1434371020+02
1.68067868+02
2.0157491€+02
2.34893758+02
2.63694120+02
2.88723708+02
4,7854508€+02
6.14988010+02
7.09141888+02
7.81699260+02
8,30951960+02
B.73155930+02
9.1039590€+02
9.36665628+02
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

KINETIC TEMPERATURE (°K)

CONTINUED

GEOMETRIC
ALTITUDE
(km)
”

5000.00
10,000.00
15,000.00
20,000.00
30,000.00

MEAN MODEL

9.13 x 102
1.30 x 10°
1.90 x 10°
1.90 x 15
1.90 x 157

999% CONFIDENCE ENVELOrE

MINIMUM MODEL

8.86 x 102
1.90 x 10°
1.90 x 10°
1.90 x 10°
1.90 x 10°

MAXIMUM MODEL
S ————

X 102

8
0 x 102
0 x 10°
0 x 10°
0

9.3
1.0
1.9
1.9
1.90 x 10°
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

MOLECULAR TEMPERATURE (°K)

GEOMETRIC
ALTITUDE
(km)

r—-—-—-—-—:

V.00
1.00
2.00
3,00
4,00
5.00
6,00
7,00
8,00
9.00
10,00
20,00
30,00
40,00
50,00
60,00
70,00
80.00
90,00
100,00
110,00
120,00
130,00
140,00
150,00
160.00
170,00
180,00
190.00
200.00
300,00
400,00
500.00
600.00
700.00
800,00
900.00
1000.00

MEAN MODEL

2.30000008+02
2.25501330+02
2.21005320+02
2,16511978+02
2.12021280+02
2.07533230+02
203047848+02
1.98565100+02
19408501@+02
1.89607550+02
1.85132748+02
1.76105888+02
1.67237528+02
1.58421008+02
1.4965569@+02
1.41255770+02
133750558+02
1.2731122€+02
1.21341790+02
1.15451670+02
116768968+02
1.21217600+02
125640930+ 02
1.3003914@+02
1.34412268+02
1.578508268+402
2.,20804758+02
2¢8340505€+02
3.48607228+02
4415905658402
1.0765009@+03
148151632@+03
2¢55183958+03
3:2921999@+03
4.02481600+03
4.718083408+03
S.4630709@+(03
6.17654088+03

999% CONFIDENCE ENVELOPE

MINIMUM MODEL

1,7500000@+02
1.74150250@+02
1,73301018+02
1.7245226€+402
1.71604020+02
1.70756288+02
1:69909048+402
1:6906230P+02
1.,68216068+02
1.67370328+402
1.6652507@+02
1.58100000+02
1.49724320402
1,41397610+02
1¢33119260+02
1.2565149€+02
1.186630168+02
1412258378+02
1.06168296+02
1,00282360+02
1.01841908+02
1406615030+02
1.1136100€+02
1.16080020+02
1.20772110+02
1.26473100+02
1,4897975@+02
2.35687868+02
3.13300860+02
3.83305698+02
1.07640048+03
1.8440881€+03
2.62543656+03
3.44094200+03
4429960376+03
5.06R247498+03
5.86590160+03
6.59158150+03

MAXIMUM MODEL
——————
2,75000008+02
2.70901218+02
2.66804858+02
2.62710918+02
258619398402
2454530280402
2450443598+02
2.4635931€+02
2.4227745@402
2+38197998+02
2034120948402
1493482340+02
1.842375284+02
1.75421000+02
1,66655698+02;
1.57941608+02
1.49633660+Q2
1441377378402
1433694200+02
1.27364036+02
1.2919937€+02
1.34409820+02
1¢395906308+02
1.,44742018+02
1:69925308+(2
2.2557579€+02
2.80901284€8+02
3.3593905@+02
3,9215667€+02
4.49309998+02
1,0674831e+03
1.74716628+03
2.440875630+03
3,09928766+03
3.7072721@+03
4,3216589€+03
5.0274536€+03
5.679202460+03




A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

ATMOSPHERIC PRESSURE (dynes em 2

GEOMETRIC
ALTITUDE

(km)

0.0¢
1.0¢
24 0¢(
3,0¢
4,0¢
5¢0(
6,0¢(
7.40C
8.0(
9.0¢(
10,0¢
204 0C
30,0¢
4040C
504 0C
60, 0C(
700¢
80,0C
90.,0¢
100,0(
110.0C
1204 0C
130.0C
1404.0C
15040C
160, 0C
170,0C
180.0C
190,0C
200, 0C
300.0C
400.0C
500.,0C
600.,0C
700.0C
800,00
900,00
1000.0C

MEAN MODEL

8,0000000€+03
7.,39089100+03
6,81759600+03
6.27864780+03
5,772613168+03
5.29809180+03
4,85371678+03
4,43815410+03
4,05010270+03
3,6882940€+03
3,35149190+03
1,24468528+03
4,41795758+02
1,49183130+02
4,7675169€+01
1,43382550+01
4.05166438+00
1,07844628+00
2.70910348%01
6,4072898802
1.4650152€702
3,5473299€=03
9,1088534€%04
2,46963880=04
7.0448009€05
2,16463688=05
9,02627610=06
4.71045178706
2.81122148706
1.84159650=06
1,89051048=07
6459104430708

1 3,4360915€%08

2.16949318=08
1.5319925€"08
1.16118628"08
9,25466028°09
7,6610476€709

99% CONFIDENCE ENVELOPE

MINIMUM MODEL

4,00000000+03
3,57030510+03
3,18521378+03
2.,84025800+03
2.5314010€0+03
2.25499748+03
2.,00775640+03
1.,7867090€+03
1,58917710+03
1,41274696+03
1,25524308+03
3.73498840+02
1,04798920+02
2,75523250+01
6,73831718+00
1.,52472700+00
3,1892137€"01
6.15102928"02
1.,09048248=02
1,76787338=03
2,73002248"04
4,59834508°05
8,45305500%06
1.68284328=06
3,60555638=07
8,2995790€=08
2,0927921€=08
B,09836466=09
4,22909188=09
2.53688930=09
1.89965418=10
6,0175216€8"11
2.98481490~11
1.83148010"11
1.27518510"11
9.59780708"12
7.60850420"12
6.26567110=12

MAXIMUM MODEL
w

1.0000000€8+04
9.42574908+03
8,8767825@+03
8,352331008+03
7.85163828+03
7.3739605€+03
6,9185674@+03
6.,48474118+03
6,0717766€+03
5,6789816€+03
503056765€+03
2.50396508+03
1.0773315€+03
4,4695717€+02
1,78214520+02
6.79914788+01
2.4735827€+01
8.,55103378+00
2,7957314€+00
8,66188308"01
2,621814968701
8.3350855€=02
2.784883408%02
9.7411429€~03
3,6444945@8°03
1.71857800"03
9,602475688"04
S.9742729€%04
4,0051315e"04
2,84052500704
3,87751816=05
1.4770837€%05
8.0541959€706
5.22272158706
3,7377041€°06
2.85203648°06
2.2862766€%06
1.9022788€=06
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TABLE 3.2

‘A MEAN MODEL AND 99% CONFIDENCE
ENVELOPE FOR THE MARS ATMOSPHERE

ATMOSPHERIC PRESSURE (dynes em"®)

CONTINUED
GEOMETRIC 99% CONFIDENCE ENVELOPE
ALTITUDE MEAN MODEL
(km) MINIMUM MODEL | MAXIMUM MODEL
3 < |
5000.00 | 7.70 x 107° 6.30 -12 -6
. . .30 x 10 1.90 x 10
10,000.00 4.00 x 10-11 10-13 1.00 x 10~2
15,000.00 10-13. 10-13 1.00 x 10-11
20,000,00 10-13 10-13 10-13
30,000.00 10-13 10-13 10-13
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

ATMOSPHERIC DENSITY (9m em™)

GEOMETRIC
ALTITUDE
(km)

0.00
1.00
2,00
3.00
4,00
5.00
6.00
7.00
8,00
9.00
10,00
20400
30,00
40,00
50400
60,00
70400
804,00
90,00
100,00
110,00
120,00
130,00
140,00
150,00
160,00
170.00
180,00
190,00
200,00
300.00
400,00
500400
600,00
700400
800,00
900,00
1000,00

——————————

MEAN MODEL

1,67336918=05
1,57680258=05
1.48408288=05
1.39512728=05
1.30985328=05
1.2281783@=05
1.1500207€=05
1.0752985€=05
1.0039305e=05
9.35835478=06
8,7093259@=06
3,40028458=06
1.27091778~06
4,5304002€~07
1.53259928=07
4.,8833711e=08
1.45736228=08
4,07531700=09

1,0741002€=09 -

2.6699539€8=10
6.035931868=11
1.4078795@=11
3,4878851@~12
9.13669106=13
2.52150278=13
6,59732356~14
1,96666230=14

1 7.9962170€=~15

3,8796119€=15
2.1302435€=15
B 4487854817
1,74690056=17

(6.478000468=~18

3.1703096e=18
1.83121878~18
1018“0386@'18
8.14991808=19
5.96722556=19

99% CONFIDENCE ENVELOPE

MINIMUM MODEL

1,20960680=05
1.0849345@8=05
9,7265716€8=06
8.,71587870@=06
7.80648958=06
6.98862360=06
6.25340908"06
5.59280078=06
4,99950668=06
4,46692048=06
3,98905900=06
1,25020058=06
3,70413438~07
1.0311895@=07
2.,67875398=08
6,421651968=09
1.4222978@=09
2.899668848=10
5,43558300=11
9.32929598=12
1.41860668=12
2.2824717@=13
4,01700968=14
7.67199738~=15
1,57989388=15
3,47280340=16
7.43397548=17
1.8183706€=17
7.14344470=18
3.5025031@~18
9.33948600=20
1.72686460=20
6.,01642030=21
208167“249-21
1,56952090=21
1.0021587@=21
6.,86415050=22
5,03037388=22

MAXIMUM MODEL

S
1.,56574118=05

1,49815788=05

1,43256556=05

1.,36893318~=05

1.3072295€=05

1.24742376=05

1.,1894848@=05

1.13338208=05

1.07908448=05
1.02656160=05
9.7578275@=06
5.57236528=06
2,51781558=06
1,09707660=06
4,60442680=07

1,8535768@=07
7.11786568=08
2.,60430218=08
9.00400048=09
2.92831758=09
8,73764268=10
2.6701256€=10
8.59020256~11
2.89779698=11

9,23489368=12
3,28041978=12
1,4718529€8=12
7.6573271€8=13
4,39754010~13
2.7221069€=13
1,5640313@=14
3,64018568=15
1.42078738=15
7,25583878«16
4,34113308~16
2.84156250=16
1,95809310=16
1,44220464@=16




TABLE 3.2

A MEAN MODEL AND 99% CONFIDENCE
ENVELOPE FOR THE MARS ATMOSPHERE

-3
ATMOSPHERIC DENSITY (omem )

CONTINUED
GEOMETRIC 999% CONFIDENCE ENVELOPE
ALTITUDE MEAN MODEL
(km) MINIMUM MODEL | MAXIMUM MODEL
e =
5000.00 6.0 x 1012 5.0 x 10”22 1.40 x 10716
10,000.00 5.0 x 1021 10-23 1.00 x 10-19
15,000.00 10-23 10-23 10-23
20,000, 00 10-23 10-23 10-23
30,000.00 10-23 1023 10-23

3-25




A MEAN MODEL AND 99%

TABLE 3.2

CO

NFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

MOLECULAR WEIGHT

GEOMETRIC
ALTITUDE
(km)

0.00
1.00
2400
3,00
4,00
5,00
6,00
7.00
8,00
9.00
10.00
20,00
30.00
40,00
50,00
60,00
70,00
80400
90.00
100,00
110,00
120.00
130,00
140,00
150,00
160,00
170,00
180,00
190.00
200.00

300,00

400,00
500400
600400
700,00
800,00
900400

1000,00

. |

99% CONFIDENCE ENVELOrE

e

MEAN MODEL

MINIMUM MODEL

P
4.0000000@+01 4,40000008+01
4,00000008+01 | 4440000008+01
4.00000000+01 | 4.,40000008+01
4,00000000+01 | 4.,40000000+01
4,00000000+01 | 4,40000008+01
4,00000000+01 | 4.4000000€+01
4,0000000@+01 | 4,4000000e+01
4,00000000+01 | 4,4000000€+01
4,00000000+01 | 4,40000000+01
4.,00000000+01 | 4.4000000@+01
4,00000000+01 | 4,40000000+01
4,00000000+01 | 4,40000008+01
4,00000000+01 | 4.4000000€+01
4,0000000e+01 4,40000000+401
4.00000000+01 | 4.,40000000+01
3.99104620+01 4.3731387€+01
3.95567986+01 4,3270998@+01
3.8847930e+01 4,25479308+01
3.793336960+01 4,1633369€+01
3,69159960+01 | 4,05447236+01
3.5757857+01 3,90965020+01
3.45523000+01 3.7516886e+01
3¢33537240+01 3.590462598+01
3.2161893e+01 3.,43845498+01
3.09768626+01 3.28317500+01
2.95899880+01 3.13567440+01
2.82445110401 2¢9926993@+01
2:6906592f+01 | 2.860112760+01
2¢569354608+01 2.727616860+01
244585093€+01 2.59531768+01
1.71647970+01 1.7862597@+01
130541410401 | 1.35387750+01
1.07748280+01 1.11036618+01
9,22773330+00 | 9.4085925+00
8,08096098+00 8.1210981€+00
7.23688140+00 |7.23688140+00
6,4920819@+00 6,4920819@+00
5,92606778+00 5.9260677€+00

MAXIMUM MOOE.

3.,5800000€+01
3,5800000€+01
3.5800000@8+01
3.5800000€+01
3.58000008+01
3.58000006+01
3,58000008+01
3.,580000084+01
3,58000008+01
3.5800000€+01
3,58000008+01
3.560000008+01
3,5800000e+01
3.58000000+01
3,5800000e+01
3.58000008+01
3.57142000+01
3.5618491@+01
3,5370011e+01
3,4729816#0+01
3,36505978+01
3,2434708@+401
3,12257398+01
3,00236338401
2+88335698+01
2.76580988+01
2.64892476+01
2¢53269620+401
2.425223504+01
2.32510526+01
1.,63180980+01
1.26541410+01
104459950401
9.04687408+00
8.,04082368+00
7.23668140+00
6.49208198+00
5.9260677€+00
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

DENSITY SCALE HEIGHT (km)

GEOMETRIC
ALTITUDE

(km)
[eemasE——
0.00
1,00
2,00
3.00
4,00
5,00
6,00
7.00
8.00
9.00
10,00
20.00
30.00
40,00
50,00
60,00
70.00
80,00
90,00
100,00
110,00
120.00
130.00
140,00
150,00
160,00
170,00
180.00
190.00
200.00
300,00
400.00
500.00
600,00
700.00
800,00
900,00
1000.Nn0

MEAN MODEL

99% CONFIDENCE ENVELOPE

1.69837688+01
1,66630640+01
1.63404970401
1,60177360+01
1.56947810401
1.53716330+01
1,50482926+01
1,47247570401
1,44010280401
1.40771060401
1,21821566401
1.,03958570+01
9.930481984+00
9.46219966+00
8,99099160+00
8.51844758+00
8.06786958400
7.67369200400
7434119130400
7.02628438+00
6.72317458400
7.019357568400
7.31712420400
7.61644038400
7.91738308400
6.93528568+00
9.75610008+00
1,25926900+01
1.5209209€4+01
1,82470900401
4,82439698401
8432866356401

' 1.21011198+02

1.5978616@8+02
2,0719133@8402
2,538351404¢02
2491359656402
3.55435308+02

MINIMUM MODEL

9.21277458+00
9.1735854@+00
9013424958400
9.00488888+00
9.0555032@+00
9.01609278+00
8.97665740+400
849371973@+00
8,8977123@+00
8,8582025€+00
8.8186678@+00
8,4219542@+00
8402275548+00
7.621070968+00
7.,21688668+00
6.8212298€+00
6.,4645606@+00
6,13154028+00
5.8248893@+00
5¢52871978+00
5.334028108+00
5,61606258+00
5.89962248+00
6,1846805€+00
6,4712959€+00
6,77089418+00
5¢58279978+00
8.881886408+400
1,262830308+01
1¢55366458+01
4,46310568+01
7.80601108+01
1,14285558+02
1.482315008+02
1.96537360+02
249385128402
2.927224168+02
3.56212128+02

MAXIMUM MODEL

2.28255220+01
2.2500882€+01
2:217374668+01
2.18464136+01
2,15188838+01
2.11911568+01
2.08632316+01
2.05351098+01
2,02067900+01
1.987827408+01
1.95495618401
1.45497476+401
1.22991510+014
1.1779351€+01
1,12562808+01
1.07299896+01
1.01970278+014
9.6933541€400
9.177938398+00
8,69989588+00
8.2462147@+00
8.62799730+00
9.01182840+00
9.3976533€+00
8,3359030€+00
1,1128704€+01
1.393715168+01
1,67612350+01
1,940852404+01
2.2361840€¢01
5,254803768+01
8,7332386€0+01
1.28182068+02
1.727371208402
2.1894761@402
205823197€+02
2.97128578+02
3,6229993€+02
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

PRESSURE SCALE HEIGHT (km)
GEOMETRIC 99% CONFIDENCE ENVELOPE
ALTITUDE MEAN MODEL

A——L MINIMUM MODEL | MAXIMUM MODEL

PR -a

0400 1.2748731@+01 | 8,81829248+00 1,70313398+01
1.00 1.25067688+01 [8.78066518+00 1.,67874180+01
2,00 1,22646600+01 | 8.74301418+00 1,6543350e+01
3,00 | 1.2022407€+01 8,7053393@+00[1.62991358+401
4,00 1.1780008@+01 8.,66764080+00 1,605477360+01
5,00 | 115374646401 8.62991840+400 |1.58102648+01
6400 1.12947748+01 8,5921723@+00 [1.5565607€+01
7.00 1.,10519408+01 8,55440230+00 |1.,53208040+01
8.00 1,0808960R+01 |8+51660868+00 1.50758530+01
9,00 | 1+0565835€+01 B,47879116+00 |1.48307550+01
10400 1.03225640+01 B.440949868+00 |1.45855090+01
20,00 9.8772468@+00 | 8.06122848+00 1,21249610+401
30,00 | 9.43508778+00 7.,67912790+400 [1.1613611€+01
80,00 | B.99016538+00 | 7429464768400 1.11227838+01
50,00 | 8,54247000+00 6.90777920+00 |1,0628876R+01
60,00 | 8411006478400 6,5583271€+00 [1.,01319176+01
70.00 | 7.7238579@+00 | 6.2296175€+400 Q,65483738+00
80.00 | 7.39466808+00 | $.9275884€+00 9.,17505870+00
90,00 | 7.08872958+00 5,6384555@0+00 |8,72664998+00
100,00 | 6.78355018+00 5.35659380+00 [8,36143068+00
110,00 | €.9004260€+00 5,47119648+00 |8.53072316+00
120600 7.20441470400 5,760468120+00 |8.92567338+00
130,00 | 7.5100286€+00 6.05133050+00 |9.322742008+00
140,00 | 7.81726698+00 6.,34374360+00 |9.72192848+00
150,00 | 8+12611788+00 6.,6377089@+00 |1,14783446+01
160,00 | 9459726526+00 6,99046570+00 |[t.53239276+01
170.00 | 1.3500770€+01 8.28103650400 ]1.9191048€+01
180,00 | 1.7426105@8+01 1.31745950+401 |2,30797026+01
190.00 | 2+15558360+01 1.76115420+401 |2470934978+01
200000 | 2.58614138+01 2.1667%600+01 |3,12162318+01
300,00 | 7.07285610+01 6.42926890+01 {7.,83643260+01
400400 | 1.25828156+02 | 1.16212048+02 $£.35323538+02
500,00 | 1.86375760+02 | 1474319078402 1.99186000+02
60000 | 2.5299931€+02 2,40390788+02 [2.66116628+02
700,00 | 3.2503341°+02 | 3.1565867R@+02 3,34513310+02
800400 | 3.99921488+02 3,9054784@+02 |4.0929512R+02
900,00 | 4,85485308+02 | 4,73894138+02 4.99188176+02
1000,00 | 5.74831578+02 |3,57689208+02 9.,9055399€+02
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

NUMBER DENSITY (cm3)

GEOMETRIC
ALTITUDE
(km)

0,0C
1.,0¢C
240C
3.0C
4,0C
5.0C
6.0C
7.00
8.,0C
9.0C
10.0C
20.00
30.00
40,00
5000
60.00
70,00
80,00
90.00
100.00
110.00
120.00
130.00
140,00
150,00
160,00
170.00
180,00
190.00
200.00
300,00
400400
500,00
600.00
700.00
800,00
900.00
- 1000,00

99% CONFIDENCE ENVELOPE

2.3745799@4+17
223494910417
2.1009867@4+17
1.97256866+17
1.84957060+17
1.73186948+17
1.41934190417
1.51186558+17
1.40931800+17
1.31157770+17
S.1206461€+16
1.9139338@+16
6.82253968+15
2.,30801220+15
7.354094908+14
2419470920+ 14
6,13720870+13
1.61753730+13
4,020807464+12
9,08978940+11
2.1201910e+11
5,252567868+10
1,37593660+10
3,7972478@+0Q9
9,93521536+08
2.96168798+(08
1.20418748+08
5.842U48740407
3,20803250+07
1,27234170+06
2463073848405

' 9.,7555210€8+04

4,77431628+04
2,75771718+04
1,78309858+04
1.,22733396+04

8.,98632156+03

MEAN MODEL
MINIMUM MODEL
2.520004168+17 | 1,65600278+17

1.48532100+17
1.33160868+17
1¢1932405@+17
1.06874136+17
9.556772020+16
8.56118048+16
7.65677970+16
6.8344535208+16
6.,11540220+16
S:4611899@+16
1.711577268+16
5.0711159@+15
1.41174188+15
3.667327004+14
8.79151208+13
1.94718566+13
3.96979568+12
T.44154210+11
1.27721998+11
1¢90421323€+10
3,12479998+09
5.49945540+08
1.0503288@+(8

2.162941208+07

4.,75441420+06
1401774250406

| 2.48942598+(05

9.77967958+04

(4,79507430+04

1,27861500403
2.36415048402
8.23673296+01
3.85623910+01
2.1487402@+01
1437199750401
9.39731136+00
6.88679376+00

4.049281100+12

4.87589560+11
5451970518410

2447657156410 |
'1,28643848+10

MAXIMUM MODEL

2,634549804+17
2,5208327@+17
2.41046578+17
2+30339650+17
2.19957266+17
2.09894210+17
2,0014528@+17
1s9070530€+17
1.81569080+17
1.727314704+17
1.64187318+17
9.37618218+16
4,23653080+16
1.845964904+16
7.74750800+15
3,11886848+15
1¢197667484+15
4,3820550@0+14
1.,5150326@+14
4,92725030+13

1.44540600+12

1+¢55388326+11

7039939600+09
4,58027598+09
2.63167298+08 .
6¢12505500+07
2.39064730+07
1.22088310+07
7,304484204+06
4.78127450406
3,29472980+06
2442675498406
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

SPEZD OF SOUND (m sec™)
GEOMETRIC 99% CONFIDENCE ENVELOPE
ALTITUDE MEAN MODEL
(km) MINIMUM MODEL | MAXIMUM MODEL
””M
0,00 | 2¢5870995@+02 | 2.15165130+02 | 2.99022628+02
100 | 2561673568402 |2.14642118+02 |2,9678584€+02
2.00 | 2453600780+02 |2,14118120+02 12,94533410+02
3,00 | 2¢5100951€402 |2.1359315@8+02 | 2.9226496€+02
4,00 | 2+48392768+02 |2.13067208+02 2.,89980138+02
5,00 | 245749730402 |2.12540268+02 |2.87678518+02
6,00 | 2043079540402 |2.12012338+02 | 2.8535971€+02
7,00 | 2.40381300+02 |2.11483398+02 |2,83023308+02
8,00 | 2¢37654048+02 |2,10953438402 |12,8066884@8+02
9.00 | 2434896760+02 |2.10422468+02 |2.7829586@+02
10600 | 2032108398402 [2409890460+02 | 2,75903898+02
20,00 | 2026379008+02 {2.04512000+02 | 2,50817808+02
30,00 2.20605370+02 {1.,990210798+402 |2.44752288+02
80,00 | 2.147116408+02 |1.93407760+02 |2.38824280€+02
50,00 | 2.08687218+02 |1.8766070€+02 2.32781130+402
60,00 | 2402746018+02 |1.82321000+02 | 2,26613608+02
70.00 | 1.97286336+402 |1.77178318+02 | 2.2057300€+02
80,00 | 1092478658+02 [1.72330548+02 |2,14401420+02
90,00 | 187911968402 [1,67590848+02 |2,08494200+02
10000 | 1+83294456+02 |1462879020+02 2.03498440+02
11000 | 1+84337178+02 |1.64140646+02 2,04959438+02
12000 | 1487815778402 |1.,67943070+02 |2+09051468+02
130000 | 1+91211848+02 |1.71640370+02 |2,1304229€+02
140,00 | 1.94529868+402 | 1475239348402 |2.16937698+02
160,00 | 2+14320910+02 |1.82916118+402 |2.70822000+02
170400 | 2053485680+02 |1,98525598+402 | 3,02220216+02
180,00 | 2.87179220+02 [2.49701698+02 |3,30497320+02
190,00 | 3.18505848+02 |2.87894700+02 | 3457081638+02
200,00 | 3+47893756+02 |3,18438460+02 | 3.82217658+02
300,00 | 5.59701438+02 [5,33629468+02 5.89139598+02
400,00 | 7.267868308+02 |6.98463488402 |745371091€+02
500400 | 8+61739296+02 |8.33400268+02 |8.9086231€+02
600,00 | 9.78796298+02 |9.54094850+02 | 1.0038496€+03
700400 | 1+08223660+03 |1.06651530+03 |1.09790548+03
800,00 | 1017174210403 [1+15792868+03 | 1.1853946€+03
900.00 | 126086220403 [1.,24571950+403 |1.27853248+03
1000400 | 1+34066996+03 |1,32052820+03 | 1.3588808€+03




A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

COLUMNAR MASS (gm cm?)

GEOMETRIC
ALTITUDE
(km)

0,00
1.00
2,00
3.00
4.00
5,00
6,00
7.00
8.00
9.00
10.00
20,00
30.00
40,00
50,00
60.00
70,00
80,00
90.00
100.00
110.00
120,00
130.00
140,00
150.00
160,00
170.00
180,00
190,00
200.00
300,00
400,00
500,00
600,00
700,00
800.00
900.00
1000.00

MEAN MODEL

e

2¢13333338+01
1.972070308+01
1.82017716€+01
1.6772787€4+01
1.5430080€8+01
1.4170063@+01
1.29892248+01
1,1884135€+01
1,085144568401
9.8878831€8+00
8,99025788+00
3.35854500+00
1.19912208+00
4,072904768~01
1,309218368~=01
3.96044568%=02
1e12564588=02
3,01356168=03
7T.61400588=04
1.81117668=04
4,165050168=05
1.0142948@=05
2.61941178=06
7.142395208=07
2.04900288=07
6.33162640=08
2+6551457@=08
1.39342928=08
8,36282768*=09
5.50911078=09
5,97570438=10
2¢19809258~=10
1.207342368*10
8.,02086168=11
5.95207278=11
4,73522468=11
3,95666548=11
3,43014960-11

99% CONFIDENCE ENVELOPE

MINIMUM MODEL

1,06666670+01
9.5264463@400
8.5039553€@+00
758746828400
6,76638478+00
6,031125208+00
5¢37303680+00
4,78430678+00
4.25788410+00
3.787408568+400
3¢3671447@400
1,0078152€+00
2,84445218=01
7.52216388=02
1,85042410=02
4,21152948=03
8,86037148=04
1.71881598=04
3.06482930=05
4,99732498=06
TeT61L4TS68=07
1,31481358=07
2.43082538=08
4,86691878=09
1.00868758=09
2.42765136=10
6.15610216~=11
2439562968=11
1.25807110=11
7.58906988=12
6.00460678=13
2,00682460=13
1.04877686~13
6.77118926=44
4.95432870=14
3,9139091e~14
3.25288060"14
2,80538518=14

MAXIMUM MODEL

2.66666670+401
2+¢51502020+01
2.369943404+01
2423124260401
2:098727308+01%
197220980401
1.8515053@+01
1.73643228+01
1,6268118@+01
1.52246830+01
1.42322888+01
6.,75647108+00
2:92409290400
1.22025460+00
4,80398818=01
1.87802876=01
6.87218340=02
238946248%02
7 .,85747598=03
2.44849248%03
7.45384108=04
2.38326688=04
8.,00842428*05
2+81721738=05
1.06001288=05
5.02689148*06
2+82463998=06
1,76728830=0¢
16¢191447408=06
8,49739188=97
1e22564260=07
4,92602766=08
28300093808
1.93089928=08
1,45216688=08
1.416303778=08
9.774569168~09
B8,51724360=09
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A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

MEAN PFPREE PATH (m)
GEOMETRIC 95% CONFIDENCE ENVELOP:
ALTITUDE MEAN MODEL
(km) MINIMUM MODEL | MAXIMUM MODEL
S
0,00 | 6.70557698-06]1.02041398 =05 6,41403010=06
1.00 | 7.11624040-06]1.,13767208 =05 6.,70337298=06
2.00 | 7.56083520-06]1.,26899768 =05 7.0102973e=06
3,00 | 8.04292638-06 1.4161505@ =05| 7,33615850~06
4.00 | 8.56653690-06]1.5811199¢ =05 7.682413868=06
5.00 | 9.1362185e=06|1.76615558 =05 8.05076138-06
6.00 | 9.7571337-06|1.9738028¢ =05 8,44290780-06
7.00 1,04351540=05]2.2069437¢@ ~05| 8.,86083490=06
8.00 |,1+11769748=05 2,46884280 =05| 9,30669550=06
9,00 | 1.19902548-05 2,76320030 =05| 9,7828621@=06
10,00 | 1.28837826=05]3.09421248-05] 1,02919538-05
20,00 | 3.29999010-05|9.87281298 -05} 1,80223480-05
30,00 | 8.8289790e-05|3.33222156 -0k} 3.98866018-05
80.00 | 2.47680230=04 | 1419696688 =03} 9,15406450~05
50,00 | 7.32148700=04 460773790 -03] 2,1810989e=04
60.,00 2.29263510=03 191035648 =-02]| 5,41801688=04
70,00 | 7.61415218-03 B8.,53442520 =02 1,40753450-03
80.00 | 2.67408006-02 [4.11618620 =01} 3,83664900-03
90.00 | 9.90705400-02 | 2.14863848-+00] 1,10196450=-02
100,00 | 3.87863348-01 |1.2191394¢+01 3.32699560=02
110.00 | 1.66186248400 |7.73114518 +01} 1,0803548€=01
120.00 | 6.8846227@+00 |4.61093818 +02| 3,40758130-01
130.00 | 2.6825639€+01 2.51026020 +03| 1,0197113e+00
140.00 | 9.87462418+01 |1.25725330 +0L4| 2,90645248+00
150.00 | 3.44624300+02 |5.82953688 +OL4 8,75859458+00
160,00 125818620403 |2.53290378+05| 2,36516160+01
170,00 | 4.02876726403 | 1412930148 +06] 5,04862520+01
180,00 | 9.43934886+03 |4,41233708+06] 9,27841548+01
190,00 | 1.85782020+04 1.07113320 07| 1454706978402
200.00 3,23750550+04 | 2.07864298 +07| 2,3961023€+02
300.00 | 5.69917926+05 |5.36524470 +08| 2.92679288+03
400,00 | 2.09627416406|2.19932290 +09| 9.75162678+03
500+00 4,66592010406 |5.1772119@+09| 2,06247500+04
600,00 | B+16509548+06|9437012618+09]| 3,4976700€+0L
700.00 123791460407 |1+45149518-+10 5,1959547 ¢+0L
800.00 1,71456330+407 | 2.0257361e+10| 7,14434060+04
900.00 | 2+23459420+07 | 2.65317020-+10| 9,30076268404
1000,00- | 2.78587786+07 | 3.30471698-+10 1,15264368+05




A MEAN MODEL AND 99%

TABLE 3.2

CONFIDENCE

ENVELOPE FOR THE MARS ATMOSPHERE

CUEFFICIENT

OF

VISCOSITY
(KG/M=SEC)

GEOMETRIC
ALTITUDE MEAN MODEL
(km)

. -
0,00 14940314805
1.00 1.46983800=(05
2.00 | 1.44544690=05
3,00 | 1.42085448=05
4,00 | 1.39605658=05
5,00 | 1.37104938=05
6,00 | 1.34582880=(05
7,00 | 1.32039080=05
800 | 1429473118=05
9.00 | 1,26884568=05

10400 | 1.24273000~05
20.00 | 1.18928188=05
30,00 | 1.13574278=05
40,00 | 1,08146748=05
50,00 | 1,02643408=05
60,00 | 9.72657450=06
70,00 | 9.2372601@=06
80400 | 8.81064858=06
90.00 | 8.40947258=06
100.00 | 8,00819308=06
110,00 | 8.0984081€"06
120,00 | 8,40106808=06
13000 | 8.6989518@=06
140,00 | 8.99214928=06
150,00 | 9.28074188=06
160.00 | 1.07792058=05
170.00 | 1.44435388=05
180,00 | 1.76639420=05
190,00 | 2.06748608"05
200.00 | 2.34969628=05
300,00 | 4,3387503@=05
400,00 | 5+85562500=05
500.00 7.05976819'05
600.00 | 8.09423738=05
700400 | 9.00281598=05
800,00 | 9.78577440=05
900.00 | 1,05629948=04
1000,00 | 1,1257349@=04

99% CONFIDENCE ENVELOPE

MINIMUM MODEL

1.18266200=05
1.17756458=05
1.17246068=05
1.1673503@~=05
1.1622336@=05
"1,15711C3e=05
1,15198058=05
1.14684438=05
1+.14170158=05
1.13655218=05
1.1313961@=05
1.07947118=05
1,0268691@=05
9,73574118"06
9.,19571638=06
8,69965908"06
8.22764618%06
7.78837048=06
7.36469710=06
6,94970210"06
7.06018628=06
7.39597398=06
7.72630820=06
8,0512597@=06
8.,37089850=06
Be75465466=06
1.0221446€8=05
1.52432298=05
1.,90827328=05
2+216191508~05
4,3385101@=05
5.,9074083@=05
7.16918298=05
8,28668930~05
9.32097228=05
1.01584608"04
1.,09604198=04

MAXIMUM MODEL

1,72522150~05
1,70492690<05
1.,68449938=05
146639365805
1,64323618=05
1.62239580=05
1.60141320=05
1.58028608=05
1+5590115@=05
1.53758738=05
1.51601088=05
1.29126110=05
1.23747540=05
1,1851839@=05
1413219358=05
1,07848556=05
1,02629428=05
94734433508=06
9.23355450=06
8481417278706
8+93639696=06
9428058178=06
9461873990~06
9.95101690=06
1.1520791€=05
1.4702401=05
1.75424738=05
2,01133028=05
2425300368"05
2,48092470%05
443171471805
5473211046=05
6.89157828=05
7.83768106%05
8,62066168=05
9434604208705
1,01157460=04
140778040804
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Table 3-3. 'ESTIMATED NEAR SURFACE WINDS AND VERTICAL

WIND SHEARS

Winds

The following atmospheric winds are recommended for

preliminary design usage.

Near Surface Winds

Wind Parameters

Surface Pressure

Continuous Surface Wind
Speed (one meter above
surface)

Peak Surface Wind Speed

(7 mb) (14 mb)
50 m/sec 35 m/sec
43 m/sec 101 m/sec

Vertical Wind Shears:

é—i}%— = 2m/sec/km,

#These wind shears are considered to be the average design wind
speed gradients for use up to altitudes of 15 km above the

surface,
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3.2. 8 Blue Haze

Surface details on Mars, generally, are clearly seen
in any light of wavelength greater than 4500 - 45502; i,e., red or
yellow light, The so-called "blue haze' is a diffuse, variable
phenomenon which occasionally clears and allows surface features
to be observed in blue light (blue clearing). The haze itself,
which is probably a high-altitude layer, is not blue but causes ex-
tinction of solar blue light reflected from the Martian surface
while being transparent to longer wavelengths of light, When the
effects of observational selection are removed, there is some
correlation of blue clearing with favorable oppositions; however,
blue clearing also has been observed at unfavorable oppositions,
several months from opposition, and on small topographical
scales of Mars down to the limit of telescopic resolution,

Some authorities discount the hypothesis that the blue
haze is produced by scattering of light by condensed particles,
but suggest that the blue haze and its occasional clearing may be
accounted for by selective absorption of light by solid particles
in the Martian atmosphere,

Others have suggested that solar wind protons interacting




with the CO, and N, of the Martian atmosphere cause the blue haze by
producing molecular ions (COZ+, CO+ and N2+ ) which have strong
absorption bands in the required energies. Newer and lower Martian
density estimates, particularly those obtained from Mariner IV,
would allow a sufficient solar proton flux to account for the phenom-
ena. Also, a reduction in proton flux caused by Mars being in the
Earth-induced wake of a solar wind magnetohydrodynamic shock
might account for the blue clearings observed on Mars. Some
authorities point out that the only acceptable explanation of the blue
haze phenomenon is that obscuration is largely due to absorption in
blue and violet rather than scattering. A haze of solid CO, or ice is
unlikely since neither absorbs in the blue or violet region of the
spectrum,
3.3 IONOSPHERE

The Martian ionosphere is produced by upper atmos-
spheric ultraviolet photoionization of its constituents. The height
and extent of the ionosphere are complex functions of the composition
and variation of density with altitude. At the uppermost altitudes,
the number density of molecules is too low to produce an appreciable
electron density. At lower altitudes, attenuation of the ultraviolet

radiation by the atmosphere above, and larger electron recombina-




tion rates due to the increased density of molecules, limit the elec-
tron density. These two factors can be expected to cause the Martian
ionosphere to occupy a well-defined region. However, the possible
atmospheric penetration of the solar wind does not preclude the
existence of detectable electron concentrations at the Martian surface,
Measurements of the Martian ionosphere made by

the Mariner IV probe have three possible interpretations:

1) The ions are mostly 07 (F2 Model), and the peak elec-
tron density of 10"‘5/cm3 occurs at a neutral concen-
tration of 109 /cm3 ;

2) The ions are mostly 0; (E Model) and the peak
electron density of 105 /cm3 occurs at a neutral
concentration of 5 x 1010 /cm3 .

3) CO; is the predominent ion (F1 Model),

An estimation of the height of the ionosphere based on this data is
strongly dependent on the model of the atmosphere used. The spread
in altitudes for a neutral concentration of lO9 /cm3 varies from 120
to 190 km for the models of atmospheres used in this report,

3.4 MAGNETIC FIE LD

The results of Mariner IV magnometer measurements to
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within about 4 Mars radii show a field strength less than . 001 that of
the Earth, From this it is inferred that the magnetic moment of
Mars is less than 0. 001 that of the Earth and that the equatorial
surface magnetic field of Mars is less than 200 gammas,

3.5 RADIATION

3.5.1 Solar Thermal Radiation

In the vicinity of Mars beyond the Martian atmosphere,
the solar radiation will be assumed to have the same spectrum as
that given in Fig., 1-1, The integrated intensity will be varying from
500 to 735 wa.t:ts/m2 , depending on the Sun-Mars distance at encounter,

On the Martian surface, the spectral irradiance of solar
radiation will not be quite the same as that on the Earth's surface
owing to the différent compositions of the planetary atmospheres
between these two planets, The Martian atmosphere consists pri-
marily of carbon dioxide with possible secondary constituents of argon
and nitrogen with traces of water-vapor, The absorption spectrum
will then be a band in the far ultraviolet around 900 .2. due to N,
absorption, a band between 1000-2000 Z due to CO2 absorption, and
many bands almost continuous from infrared to the long wavelength

end due to CO2 and water-vapor which is the part not very different

from that of the Earth, The significant difference between this




spectrum and that of the Earth's atmosphere is that it does not have
the absorption band in the ultraviolet region due to O3 and O2.
Therefore, the solar ultraviolet from 2000 to 3000 ?\ can penetrate
the Martian atmosphere and arrive at the Martian surface.

The Martian thermal emission spectrum consists of two
parts; the emission from Mars itself and the emission from its at-
mosphere, The former can be assumed to be a blackbody emission
of 2800K with a peak intensity around 10y wavelength, The latter
does not have enough data for reliable estimation, However, for
their combined effect, an assumption could be made as follows:

It varies from= 168 wa.tts/m2 at 200 km to 3 wa,tts/m2
at 2 x 104 km when measured on the Sun-Mars line, The variation
in this range of altitude is given in Table 3-9 in Paragraph 3. 8.

3.5.2 Magnetically Trapped Radiation

Mariner IV measurements did not detect any trapped
radiation belts beyond 4 Martian radii, its limit of detection,

3.5.3 Galactic Cosmic Radiation

° Composition: -~ 85% protons (H+)
~ 14% alpha particles (He++)
~ 1% nuclei of elements Li~ Fe

(in approximate cosmic abundance),
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° Flux at sunspot maximum:

1

4 protons/cmz -sec

(isotropic)

2

. Integrated yearly rate: 1.3 x lO8 protons/cm2
° Flux at sunspot minimum: -~ 2.0+ 0.3 protons/crnz-
sec (isotropic)

° Integrated yearly rate: 7 x 107 protons/cmz

2

Energy range: 40 MeV to 10!3 MeV; predomi-

nant energy 103 -107 MeV

Integrated dosage: ~ 6 to 20 rads/yr or
(Independent of shielding) ~ 0.7 to 2.3 millirads/hr

Solar Cosmic Radiation

o Composition: Predominantly of protons (H+ ) and
++
alpha (He )

° Integrated yearly flux:

12

Energy: 30 MeV N =z 6 x lO9 protons/cm2 (near

solar maximum)

2
H

1x lO9 protons/crn2 (near
solar minimum)
Energy: 100 MeV N I 1 x 107 protons/cmz(near
solar maximum)

8 2
1 x10 protons/cm (near

Z

solar minimum)



° Maximum dosage with shielding of 5 gm/crn2
~200 rads per flare, skin dose,

The flux and energy of this environmental parameter at the orbit of
Mars will probably be reduced; however, this spectrum will be con-
sidered as a design criterion,
3.6 ME TEOROIDS

The meteroid flux (cometary and asteroidal) of the
Martian environment from 10 Mars radii to the Martian sensible
atmosphere varies as described in Table 1-5 of Paragraph 1. 6.
3.7 GRAVITY

If Mars is considered to be an oblate spheroid, its
gravitational potential function can readily be developed in a spher-
ical harmonic series, Truncating after the first two terms, the

gravitational potential function can be expressed as

2
R
GM E °

and the radial acceleration of gravity as

- 2
R o
2 --20 - GM |, _ 35 |_E) p
= 2
a R 2 2\ R




in which

° 3 . 1
P = = - =
2 3 sin 3] 5
) = latitude
Rp = equatorial radius = 3381 km
GM  =.429778 x 10° km"> /sec®
- -2
Js =.1947 x 10
R = distance from center of Mars (km).
The constant J, is a measure of the flattening, f = ( l;Z )s

The components of the gravitational vector are obtained
from the potential function in the usual manner; i, e., by partial
differentiation,

Two cases need to be considered for the practical appli-
cation of the Martian gravitational formulas, If one considers a
fixed point above or at the surface of Mars which does not rotate
with the planet, the application of the formulas is straightforward.

If, however, one considers a point that rotates with the planet so that
it is always directly above the same point on the Martian surface,
the formulas must be corrected to account for the centrifugal accel-

eration of rotation.,



The centrifugal correction to the radial component of

gravitational acceleration can be expressed as

F. = wzr cosze
in which o is the Martian angular velocity, 0.70882 x 10_4 radians/
sec,

3.8 ALBEDO

The albedo of a planet is defined as the ratio of radiant
energy reflected in all directions to the incident radiant energy. Its
value is required for planetary and near planetary satellite heat
balance equations, For the planets themselves, the albedo is required
to determine the solar radiant energy input; for near planetary
satellites, the reflected albedo radiation contributes significantly
to the total radiant energy input,

Earth-based albedo measurements are limited to those
wavelengths which pass through the atmospheric windows, Radiation
in these wavelengths contains a large percentage of the sun's total
radiant energy; therefore, it appears reasonable to approximate the
Martian albedo by its visual albedo,

Table 3-7 presents thermal and albedo radiation upon a

spherical satellite as a function of altitude.

Table 3-8 presents planetary albedo as a function of
wavelength,
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Table 3-5,

RADIATION VERSUS ALTITUDE

Mars Thermal and Albedo Radiation Upon a Spherical Satellite

Albedo = 0.15; Solar Radiation = 600 watts/mz;

Thermal Radiation Flux = 128 wa.tts/rn2

Altitude (km) Thermal, watts/m? Albedo, watts/m?

200 168 122

400 140 99

600 120 84

1000 93 63
4000 29 24
8000 11 7
20000 3 2

Table 3-6. PLANETARY ALBEDO

Wavelength, Wavelength,

Microns Albedo Microns Albedo
0. 40 0. 035 0.80 0.295%
0.45 0, 065 0.90 0.30%
0.50 0. 085 1.00 0. 295%
0.55 0.12 1.10 0.28%
0. 60 0.21 1.20 0.27%
0. 65 0.25 1.3 0.255%
0.70 0.27 1.4 0, 24%
0.75 0.29

*E stimated
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